Summary. Pregnant golden hamsters and mice of different gestational ages were injected intravenously with 109CdCl2. The whole animal or the uterus and embryos were submitted to autoradiography. Cadmium administered on the 8th day accumulated in the primitive gut of the embryos. No cadmium was detected in the embryos after administration on or after the 9th day (hamster) and 11th day (mouse). This finding can be explained by the ability of cadmium to pass from the yolk-sac cavity into the primitive gut (where it is absorbed) before the closure of the vitelline duct but not later. This uptake by the embryo might explain the severe malformations produced by cadmium given on the 8th day as compared with the 9th day in the hamster. Cadmium is also heavily accumulated in the decidua (mainly the antimesometrial part), the yolk sac, the ectoplacental cone, and later in the chorioallantoic placenta\p=m-\possiblydisturbing the maternal-embryonic relationship and fetal nutrition. A high accumulation in the CL and the follicles and in the pituitary may also disturb reproductive function.
INTRODUCTION
The biological effects of cadmium deserve attention for many reasons. Its use in different industrial processes and products has increased its presence in the environment. Its exceptionally long half-life in the human body, about 30 years (Kjellström et al., 1971) , stresses the importance of a better understanding of its action. Cadmium exerts specific effects in the body, e.g. on the steroid producing organs (Pafizek, 1957; Kar et al., 1959; Kaul & Ramaswami, 1970) . In late gestation, it causes placental necrosis, especially in the pars fetalis, and subsequent fetal death (Pafizek, 1964) . In the mother, it causes pathological changes with clinical and morphological similarities to human toxaemia of pregnancy (Pafizek, 1965) .
In the golden hamster during early gestation (8th to 9th day), cadmium causes résorptions and embryonic structural defects, the character of which is dependent on the time of administration (Ferm & Carpenter, 1967; Ferm, 1971 ; Gale & Ferm, 1973) . These authors thought that cadmium was an embryonic "site-specific teratogen" due to its interference with specific enzy¬ matic reactions. In the rat (Barr, 1973; Scharpf et al., 1972) and in the mouse (Schroeder & Mitchener, 1971) , malformations and fetal death are produced by cadmium.
A whole-body autoradiographic study in the mouse during late gestation revealed no fetal uptake of radioactive cadmium (Berlin & Ullberg, 1963) , but Ferm et al. (1969) showed that small amounts of radioactive cadmium reached the fetus at the time of embryogenesis (8th to 9th day) in the golden hamster. Lucis et al. (1971) showed that small amounts of cadmium passed the placenta during the first third of gestation in the rat, and Chaube et al. (1973) found hardly detectable amounts in human fetuses of different ages.
This investigation was undertaken to study the possible accumulation of cadmium in embryonic (fetal) and placental structures and also in the whole maternal genital apparatus in mice and golden hamsters at different stages of gestation.
MATERIALS AND METHODS

Isotope
Carrier-free 109CdCl2 (sp. act To estimate the relative uptake in the uterus and the embryos in relation to other maternal organs, pieces of the liver and kidney (known to accumulate cadmium) were removed and embedded in the CMC together with the uterus. The hamster killed after 4 days (injected on the 8th day) was embedded intact in the CMC and frozen as described above. According to the method of Ullberg (1954 Ullberg ( , 1958 (NMRI) , which received 10 µ or 0-1 µg 109Cd and was mated 35 days later, was killed on the 19th day of gestation (53 days after the injection). In the series of mice injected on the 8th day, the uteri, ovaries and oviducts were removed as described above. In the mouse injected on the 11th day and killed 8 hr later and that injected on the 16th day and killed 4 hr later, only half the uterus was removed and the mother's abdominal wall was then sutured. Thereafter, these mothers were used intact. The uteri and/or the whole animals were embedded in CMC, frozen and submitted to autoradiography as described above for the golden hamsters.
RESULTS
The overall distribution of cadmium in hamsters and mice was essentially the same, and was in accordance with that described by Berlin & Ullberg (1963) . The most prominent accumulation was seen in the liver and the renal cortex. The findings concerning the embryonic (fetal) uptake are summarized in Note the high uptake in the CL, the follicular walls and lower in the interstitium. X 17. Fig. 6 . Detail of (a) autoradiogram with (b) the section of a hamster ovary 24 hr after the injection on the 8th day. There is an accumulation in the CL and the follicles but the cumulus oophorus and the ovum are almost devoid of radioactivity. X 14. Autoradiogram of a whole-body section of a mouse 4 hr after the injection on the 16th day of gestation. Note the absence of radioactivity in the fetuses but the heavy accumulation in the chorioallantoic placentae (comparable with that in the liver and kidney). The pituitary and adrenal cortex also show uptake. 
Mice
Embryonic accumulation. In the series of mice injected on the 8th day of gestation, embryonic uptake was seen 24 hr later even ifit was not always of the magnitude observed in the hamster. Radioactivity was still noted in some embryos 3 days after injection. At 5, 7, 9 and 11 days after injection, no fetal cadmium was seen. The localization was the same as that described for the golden hamsters. In the two mice injected at the 11 th day of gestation that were allowed to survive for 8 hr (PI. 4, Figs 7a and 7b) and 8 days, respectively, no embryonic uptake was observed. The same was true for the mouse injected on the 16th day of gestation that was killed 4 hr later (PI. 5, Fig. 8) (Ullberg, 1972 ; Dencker & Ullberg, 1973 Ullberg, 1971) . It has been shown in the rabbit that Evans blue attached to maternal serum proteins can be detected in the yolk-sac cavity by the 7th to 8th day of gestation (Brambell & Hemmings, 1949) . The subcellular structure of Reichert's membrane and the parietal yolk-sac endoderm in the rat (Days 7 to 10) shows that serum proteins may pass through these membranes into the yolk-sac cavity (Merker & Ville¬ gas, 1970) . This is probably true also for the golden hamster and the mouse due to the similarities in the formation of these embryonic membranes. In mice, a short time after the administration of a single dose, cadmium was found in the serum fractions corresponding to the size of albumin or the larger proteins (Nordberg, 1972) . The ion may be transferred into the yolk-sac cavity bound to such proteins. The high uptake found in the visceral yolk-sac endoderm also favours such a transfer; cadmium (probably bound to proteins) had been absorbed by this endodermal tissue from the yolk-sac cavity.
In the early postimplantation stages, there is free communication between the primitive gut and the yolk-sac cavity, which makes the passage of yolk-sac material into the gut lumen possible, after which it can be absorbed by the gut endoderm. During Days 8 and 9 of gestation, both in the mouse and the hamster, the considerable structural development of the embryo results in the closure of this communication. This has been shown to be completed 9 to 9\ days after coitus in the hamster (Boyer, 1953) . It is probable that this com¬ munication had functionally disappeared at the time of injection on the 9th day in the hamster in this investigation. In the mouse, this so-called 'vitelline duct' is closed 9^days after conception (Rugh, 1968) so that it must have been totally closed in the mice injected on the 11th day. Agreement thus seems to exist between the degree of communication through the vitelline duct and the observed uptake in the gut wall.
It is clearly seen in the autoradiograms and it is notable that, even 24 hr after the injection (on the 8th day) in the hamster, there was a selective accumula¬ tion and retention in the gut wall but no radioactivity was observed in any other organ. From different parts of the primitive gut, many essential organs are formed by the interaction of the surrounding mesenchyme ; the Eustachian tube, palatine tonsils, thyroid and parathyroid glands, thymus, lungs, liver and pancreas. Endodermal damage by the accumulation of cadmium may hinder the normal formation and differentiation of these organs and the digestive tract, but the teratogenic effect of cadmium on these organs requires further investigation.
The cadmium damage to structures of mesodermal origin, e.g. bone struc¬ tures (Gale & Ferm, 1973) , is more difficult to explain on the basis of an endo¬ dermal accumulation. It seems possible, however, that long-term retention in the gut wall may affect intestinal function with secondary damage to all the organism. The role of the intestine in early intrauterine life is not well known.
In human fetuses, the gut is already opened to the stomodaeum by the end of the 3rd week (Langman, 1969) and at 6 to 7 weeks muscles and nerves are seen in the gut wall (Becker et al., 1940) . Fetal swallowing has been observed at 12 weeks of age (Mori, 1956) and at mid-pregnancy (Abramovich, 1970) . Intestinal lysosomal activity in 10-week-old embryos is the same as after birth (Antonowicz et al., 1974) . As the gut endoderm is derived from the visceral yolk-sac endoderm, it seems probable that these two structures develop the same role for the absorption of nutrients to the fetus (the yolk sac mainly in rodents) from the amniotic, and the uterine cavities, respectively. It is tempting to interpret the résorptions and malformations, especially facial ones, recorded by Ferm (1971) and Gale & Ferm (1973) (Langman, 1969) . As the yolk sac is large (and probably functionally important) during the first weeks of pregnancy, these experimental findings may also have some relevance in man.
Decidua and placentae
The observed variation in sensitivity to teratogens can also be a function of the stage of development (see e.g. Degenhardt & Kleinebrecht, 1971) , and therefore extra-fetal mechanisms may also be responsible. Many cations, among them cadmium, bind to the thiol groups on enzymes which are essential for their activity (Hewitt & Nicholas, 1963) . Cadmium is also known to inhibit many enzymes (Kench & Gubb, 1970; Unger & Clausen, 1973) . Progesterone induces a growth of the endometrium and a change in its enzyme content preparatory to implantation (Hafez, 1964) . Histochemical methods have shown the presence of proteolytic enzymes in the antimesometrial decidua on the 8th day in the mouse (Bergström, 1972) , the localization of which was in accordance with that of cadmium in the mouse on the 8th day in the present investigation. A possible enzyme affinity for cadmium may influence the maternal-embryonic relationship, and result in inhibited implantation, résorption or malformations.
The visceral yolk sac has an essential role in the nutrition of the early embryo and the well-known teratogen, trypan blue, is believed to act by inhibiting this nutrition (see e.g. Lloyd & Beck, 1969) . The accumulated cadmium may also disturb vital enzyme systems in this structure. In the chorioallantoic placenta during late gestation in the mouse, there was a heavy accumulation of cadmium which was as high as that in the liver and kidney. This uptake may be related to the numerous placental enzymes (Hafez, 1964) which would explain the exten¬ sive placental necrosis with the subsequent fetal death caused by cadmium which has been observed in the structurally related rat placenta in late gesta¬ tion (Pafizek, 1964 (1972) .
In connection with the accumulation of cadmium in the steroid-producing organs, i.e. the interstitial parts of the testes (Berlin & Ullberg, 1963) and the follicles and CL, the decidual uptake also seen in mice at late gestation may be compared with that of 3j8-hydroxysteroid dehydrogenase described earlier in rats and mice (Deane et al., 1962; Botte et al., 1966) . Appelgren (1967) (Harris, 1927) . Removal of the CL also results in termination of pregnancy (Parkes, 1928) and progesterone will maintain pregnancy in castrated rabbits (Wu & Allen, 1959) .
The accumulation of cadmium in the CL and follicles, especially in the thecal cells, resembles that of pregnenolone, and cholesterol (which also accumulates in the interstitium) (Appelgren, 1967) . Appelgren found 3/?-hydroxysteroid dehydrogenase especially in the CL and in the follicular thecal cells. These similarities may indicate that cadmium accumulation is dependent on an affinity for the steroid-producing enzyme systems. Cadmium, in addition, decreases the activity of cytochrome P-450 (Unger & Clausen, 1973) which is involved in steroid biosynthesis. Cadmium intoxication leads to reversible damage to the ovary (bleeding and follicular atresia) (Kar et al., 1959; Kaul & Ramaswami, 1970) and an irreversible injury of the testes (Pafizek, 1957) . This has been suggested as being secondary to injuries to the vessels (Chiquoine, 1964; Gunn et al., 1966; Johnson, 1969 ), but it is also known that cadmium influences the testicular androgen production in vitro in trout (Sangalang & O'Halloran, 1973) .
Changes in the gonadotrophic cells of the adenohypophysis, have been described as a result of 'cadmium castration' (Allanson & Deanesly, 1962; Girod, 1964; David & Ramaswami, 1971 
